R 2 O 5 W LED (460~470 nm) 1 mol% Ir 2 (ppy) 4 Cl 2 E-alkene Z-alkene R 1 = Aryl, Heteroaryl R 2 = OH, OMe, OEt, NH 2 , Me Atom-economic Highly Z-selective Mild, simple, green conditions Large-scale realizable CH 3 CN, rt up to 96% yield
(Z)-Cinnamate derivatives are commonly encountered in natural products 1 and have been widely used in organic synthesis. 2 The synthesis of (Z)-cinnamate derivatives has attracted interest since the early era of organic chemistry and it remains a focus of interest. Over the past ten years, many methods have been established to obtain the thermodynamically less stable (Z)-cinnamate derivatives, 3 of which the most widely used have been semihydrogenation of alkynes with Pd, 4 Ru, 5 Au, 6 Rh, 7 Cu, 8 or Ni 9 complexes. Wittig olefination, 10 stereoselective cross-coupling, 11 and olefin metathesis 12 are also commonly employed methods for the efficient synthesis of Z-olefins. Photochemical reactions, as mild, atom-economic and environmentally benign methodologies, have been widely used in organic synthesis, 13 especially in the synthesis of diazo compounds, 14 heterocycles, 15 helicene-like compounds, 16 natural products with complex structures, 17 and thermodynamically unstable (Z)-cinnamates. 18 During our investigation of the synthetic utility of visible-light photoredox catalysts for [2+2] photodimerization, 19 it was observed that the thermodynamically stable (E)-cinnamamide (1a) could be transformed into its Z-isomer (2a) effectively (in 65% isolated yield), rather than forming the expected dimer, when treated with 1 mol% Ir 2 (ppy) 4 Cl 2 (Scheme 1). Further experimentation revealed that air had no clear influence on the reaction efficiency, which made the reaction operation very convenient (Table  1 , entry 1). Inspired by these interesting results, we considered developing a practical method for the synthesis of (Z)cinnamate derivatives by visible-light-driven isomerization.
Scheme 1 Photochemical reaction of 1a catalyzed by Ir 2 (ppy) 4 Cl 2 Initially, we investigated the photoisomerization of (E)cinnamamide (1a) catalyzed by 1 mol% Ir 2 (ppy) 4 Cl 2 in different solvents. 20 The results showed that the isomerization occurred smoothly in a wide range of solvents such as CH 3 CN, DMF, DMA, DCE, and THF, which provided the application of this strategy with more options (Table 1, 
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small proportion of 1a isomerized; no other by-products were observed (entries 7 and 8). Finally, CH 3 CN was chosen as the solvent of choice. Further experiments showed that the photocatalyst and visible light were both essential for the success of this reaction; no reaction took place in the absence of Ir 2 (ppy) 4 Cl 2 (entry 9) or visible light (entry 10). Increasing the amount of Ir 2 (ppy) 4 Cl 2 to 3 or 5 mol% produced lower yields (entries 11 and 12). Feasibly, the higher loadings of photocatalyst increased self-quenching and reduced light penetration into the reaction solution. The influence of external base on this isomerization was also studied, with addition of 10 mol% N,N-diisopropylethylamine (DIPEA) (entry 13). However, no clear influence on the reaction efficiency was observed. To demonstrate the equilibrium point in this E-to-Z isomerization, the reaction times were set as 12 h and 36 h, respectively (entries 14 and 15, vs. entry 1). This indicated that 24 h was required to obtaining efficient conversion. To test the effect of temperature on the yield of Z-isomer, the reaction temperature was set at 40 °C (entry 16 vs. entry 1). However, only 8% of 2a was obtained after 24 h. This might be due to the fact that Ir 2 (ppy) 4 Cl 2 is temperature sensitive and loses its catalytic capability at the higher temperature. When compared to other commercial available photoredox catalysts, such as Ir(ppy) 3 18b (entry 17) and Ir(ppy) 2 (dtbbpy)PF 6 17d (entry 18), which have been reported to be effective catalysts for obtaining Z-alkenes, Ir 2 (ppy) 4 Cl 2 afforded a similar yield. However, it should be noted that, among the three studied photoredox catalysts, Ir 2 (ppy) 4 Cl 2 was the most economical.
An optimization of light sources with different wavelengths () and powers (W) was also carried out (Table 2 ). This study showed that 5 W blue light with wavelengths between 460 and 470 nm afforded the best selectivity (entry 4). When the reaction was simply exposed to sunlight, little conversion to the Z-isomer was observed. Based on these results, we finally established optimal reaction conditions for the E-to-Z isomerization to be 1 mol% Ir 2 (ppy) 4 Cl 2 in CH 3 CN, irradiated with a 5 W blue LED lamp ( ≈ 460-470 nm) for 24 h at room temperature. The reaction apparatus was set up as shown in Figure 1 . 
With these optimized reaction conditions in hand, we next investigated the scope of (E)-cinnamate derivatives that could be applicable to the transformation (Table 3) .
Table 3 Scope of Photocatalytic Isomerization a
Various (E)-cinnamate derivatives with electron-withdrawing, electron-donating and neutral substituents at the ortho-, meta-, or para-positions of the benzene ring underwent E-to-Z isomerization smoothly, giving the corresponding Z-isomers 2b-t in modest to high yields. From the results shown in Table 3 , it can be concluded that electronwithdrawing substituents promoted this transformation, with yields of Z-isomers increasing notably when F, CF 3 , or Cl groups are present (2i, 2j, 2p ). However, a range of substituents were well tolerated, and no other products could be detected other than the two isomeric alkenes. In some cases, the efficiency of this isomerization could be enhanced by introducing a methyl substituent onto the -position of the double bond (eg. 2q vs. 2e), which is consistent with previous reports. 18b The isomerization of substituted heterocycles also occurred smoothly to give the Z-isomers (2s, 2t) . To test whether the reaction could proceed efficiently at a larger scale, we carried out the isomerization of (E)-methyl-4-hydroxycinnamate (1l) on a 2-gram scale, which gave 2l in 53% yield. The E-isomer (1l) could be readily removed by repeated crystallization from methanol.
A plausible pathway for the E-to-Z transformation is proposed based on the experimental data and literature. 18b,21 The addition of DIPEA, which is a common strategy to promote photoredox reaction, 22 did not facilitate this E-to-Z transformation (Table 1, entry 13) . Therefore, we propose that an energy-transfer (ET) process occurs in this isomerization, rather than an outer-sphere single-electrontransfer (SET) process (Scheme 2). After absorbing a photon, the photocatalyst in its singlet ground state PC(S 0 ) is excited to the first singlet excited state *PC(S 1 ), which relaxes to the triplet excited state *PC(T1) through internal conversion and successive fast intersystem crossing (ISC). The energy transfer between *PC(T 1 ) and *Q(S 0 ) regenerates the PC(S 0 ) and provides *Q(T 1 ) to engage in the photochemical isomerization reaction. The selectivity of the E-to-Z isomerization is determined by the different rates of the photo-quenching of the *PC(T 1 ) by the two isomers. Generally, the E-isomer quenches the *PC(T 1 ) at a faster speed than its Z-isomer, thus resulting in an increase in the amount of Z-isomer in this process. 17c,21b
Scheme 2 Plausible pathway for the E-to-Z isomerization
Encouraged by the range of successful isomerization examples, we speculated that this facile and practical E-to-Z isomerization of cinnamate derivatives under mild conditions could be used as an attractive synthetic methodology in organic synthesis. Coumarins, a class of oxygen-containing heterocycles bearing a typical benzopyrone framework, are widely distributed in plants and they exhibit broad biological activities. 23 Among the various methods developed for the synthesis of coumarin derivatives, 24 we considered that cyclization of ortho-hydroxycinnamates via doublebond isomerization might prove to be convenient and atom-economic. Thus, we tested our optimized reaction conditions for the synthesis of coumarins and were delighted to obtain the target compounds efficiently ( In summary, we have developed a practical and efficient strategy for the synthesis of (Z)-cinnamate derivatives by visible-light-driven isomerization with Ir 2 (ppy) 4 Cl 2 as the photocatalyst. Z-Isomers of cinnamate derivatives could be readily obtained in good to excellent yields. These mild, convenient reaction conditions could be used as an effective methodology for the synthesis of coumarins.
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